In a prospective birth cohort study in Brazil, the prevalence and early risk factors for smoking in adolescence were investigated. All 1982 hospital-born children in Pelotas, Rio Grande do Sul, Brazil, were enrolled in a birth cohort study (N = 5,914; boys: 3,037; girls: 2,877 
Introduction
Although the prevalence of smoking in adult males is decreasing slightly in Latin America, the same is not true for females 1 . Two groups of the general population have been the main targets for the addiction of smoking: females and teenagers. In countries such as China, where women have only recently been allowed to smoke, an epidemic of smoking is predicted in the near future 1 . Among adolescents, no evidence of decline in the prevalence of smoking is available 1 . In Brazil, 2.7 million adolescents were smokers in 1989, which represented a prevalence rate of 9% 2 . In 2001, 15 .7% of all adolescents aged 12-17 years had ever tried tobacco 3 .
Identification of risk factors for smoking is a public health priority. A recent literature review 4 identified the following significant risk factors for adolescent tobacco use: smoking among friends and siblings, poor academic performance, being older, male gender, labor, and parents who were separated. However, most papers on risk factors for smoking in adolescence are cross-sectional, analyzing exposures and outcomes simultaneously, and are thus prone to reverse causality bias.
Currently, there is growing interest in the idea of programming health outcomes 5 . So far, most of these studies have focused on biological outcomes such as coronary heart disease, diabetes, hypertension, and obesity 6, 7, 8, 9, 10 . However, be-haviors might also be programmed during early life 11 . In a prospective birth cohort study in Brazil, we investigated the prevalence and early risk factors for smoking in adolescence.
Methods
The study was conducted in Pelotas, Rio Grande do Sul, a relatively well-developed city in Southern Brazil (current population 320,000), located near the border with Uruguay and Argentina. The per capita gross domestic product in Pelotas is US$ 2,700 12 . The population is mostly white, of Portuguese and Spanish ancestry. Among adults (≥ 20 years), prevalence of current smoking in males and females is 32.8% and 24.1%, respectively 13 .
In 1982, the three maternity hospitals in the city were visited daily, and all 5,914 live births whose families lived in the urban area of the city were included in a birth cohort study. Mothers were interviewed soon after birth using a standardized pre-tested questionnaire on demographic, socioeconomic, behavioral, and gestational variables. Newborns were weighed with pediatric scales. The cohort children were followed up at several points in time. In 1984 (mean age 20 months), a citywide census was conducted to locate children born in 1982, and 87% of the cohort was located. A similar census was repeated in 1986 (mean age 42 months), when 84% of the children were located. In these two follow-up visits, mothers were interviewed and information on behavior, such as smoking and alcohol-related problems, was collected. Paternal data were obtained from the mothers.
In 2000, all males from the birth cohort were legally required to undergo a medical examination at the local Army Base. They were then invited to answer a research questionnaire that included several health-related data. Adolescents who did not attend the Army examination were traced at their last known address and invited to attend an examination at a clinic. Those who still failed to attend were visited at home.
Because the Army Enlistment Study was restricted to males, it was desirable to obtain similar information for the female adolescents in the cohort. In 2001, a systematic sample of 70 out of the 259 census tracts in the city was selected. In each tract, all households were visited and female adolescents born in 1982 were interviewed.
In the 2000 and 2001 visits, adolescents were asked about tobacco smoking. Daily smoking was defined as at least one cigarette per day on each day of the previous week. Weekly smoking was defined as at least one day of smoking in the previous week.
The following early predictors of tobacco smoking were considered: self-reported maternal skin color (white, non-white), maternal marital status at delivery (married, unmarried), family income at delivery (in minimum wages), maternal schooling (years of formal education), paternal schooling (years of formal education), maternal age at delivery (< 20, 20-29, ≥ 30 years), maternal smoking during pregnancy (no, 1-14, ≥ 15 cigarettes per day), paternal alcohol-related problems (a dichotomous variable based on maternal self-report), and maternal and paternal smoking during child's infancy (no, 1-14, ≥ 15 cigarettes per day).
Following descriptive analyses, the prevalence of daily and weekly smoking was calculated for each group of the independent variables. Chisquare tests for heterogeneity and trend were used to calculate significance. Logistic regression models were used for multivariate analyses, using a hierarchical approach. Order of entry into the model was based on a conceptual framework defined a priori 14 . The first level incorporated the variables: maternal skin color, maternal marital status, family income, maternal and paternal schooling, and maternal age. The second level included smoking during pregnancy, paternal alcohol-related problems, and maternal and paternal smoking during child's infancy. The effect of each exposure on the outcome was adjusted for covariates in the same level or above in the hierarchical model 14 . All analyses were carried out separately for males and females, and interactions between gender and other covariates were tested. Weighted analyses were not necessary because no pooled estimates were presented. All tests were two-tailed and the significance level was 5%.
The Research Ethics Committee at the Medical School of the Federal University in Pelotas approved the study protocol, and informed consent was obtained in all phases of the birth cohort study. Further details on the cohort study methodology are available elsewhere 15 .
Results
The original 1982 cohort included 5,914 individuals (boys: 3,037; girls: 2,877). The overall followup rate in the Army study was 78.9%; this analysis included 2,245 males. In the female sub-study, which included 27% of all females belonging to the cohort, the follow-up rate was 69.1%, and analyses were carried out for 473 adolescent girls. Table 1 presents follow-up rates according to baseline characteristics. Non-response was higher among adolescents from low socioeconomic status families. Birth weight, maternal skin color, and maternal smoking during pregnancy were not associated with follow-up rates. Adolescents born to unmarried women were less likely to be followed-up. Among males, 48.6% (95%CI: 46.6-50.7) had ever tried smoking, 20.2% (95%C: 18.6-21.9) had smoked at least one day in the previous week, and 15 .8% (95%CI: 14.3-17.3) were daily smokers. Among male current smokers, the mean number of cigarettes per day was 10.0 (SD = 6.9). Most male smokers (54.3%) had started smoking between 13 and 15 years of age, while 11.5% had started smoking before reaching 13. Among females, 53.1% (95%CI: 48.6-57.6) had ever tried smoking, 19.9% (95%CI: 16.3-23.5) had smoked at least one day in the previous week, and 15 .4% (95%CI: 12.1-18.7) were daily smokers. The mean number of cigarettes smoked per day among female smokers was 8.4 (SD = 7.8). The proportion of girls who had started smoking before reaching 13 was 18%; 47.4% had started between 13 and 15 years of age. Table 2 shows the prevalence and risk factors for daily and weekly smoking for boys and girls separately. Among boys, daily smoking was more common among those born to single mothers and presented an inverse association with maternal and paternal schooling. The determinants of weekly smoking were all consistent with those observed for daily smoking.
Among girls, daily smoking was positively associated with exposure to maternal smoking during pregnancy and childhood, as well as paternal alcohol-related problems. The association was negative for family income and maternal schooling. Analyses of weekly smoking produced results comparable to those obtained with the outcome daily smoking (Table 2) . Table 3 presents the multivariate analyses for the two outcomes (daily and weekly smoking) among boys and girls separately. The effect of maternal marital status on the prevalence of smoking in boys remained unaltered after adjustment. The variable maternal schooling lost significance after adjustment, and paternal edu- Table 2 Prevalence of daily and weekly smoking among adolescents according to independent variables. cation was the only socioeconomic indicator associated with smoking prevalence in boys.
In girls, the effect of family income remained in the multivariate analysis. Maternal smoking during pregnancy was related to increased likelihood of daily smoking in girls. The strong effect of paternal alcohol-related problems for girls' smoking remained unaltered after adjustment (Table 3) .
A significant interaction between gender and maternal smoking during pregnancy was observed. The effect of this variable was only significant for adolescent girls. The same was observed between gender and paternal alcohol-related problems. The effect of this variable on smoking in adolescence was significant for girls, but not for boys.
Discussion
Most studies on risk factors for smoking assess contemporary variables. Little attention has been given to early determinants of smoking behavior 16 . Investigation of such factors requires longitudinal studies. In a population-based birth cohort study in Brazil, including some 6,000 children at birth, the role of early life variables on smoking behavior in adolescence was investigated. These results may help understand why some adolescents smoke and others do not. In addition, our data show different correlates of smoking in boys and girls, highlighting the need for gender-stratified analysis in the epidemiology of smoking.
Losses to follow-up represented some 20% for boys and 30% for girls. These results are relatively good since the cohort has been actively followed for almost 20 years. Unfortunately, it is not possible to follow our cohort passively, since registers in Brazil are not complete. Low socioeconomic status was associated with lower follow-up rates. In Brazil, the poor tend to change their place of residence more frequently, so locating them in home visits is challenging. However, response rates were above 60% in both genders and in all socioeconomic groups, minimizing the likelihood of selection bias. Because of different sample sizes, power to detect differences was much greater for males than for females. For example, the power to detect an odds ratio of 1.50 as significant was 90% for boys and 40% for girls if an exposure had affected 30% of the cohort. The non-significant effects of maternal age and smoking during pregnancy on smoking among girls are probably explained by sample size limitations.
Conversely to what has been found in another Latin American study 4 , the prevalence of daily and weekly smoking in this cohort did not vary according to gender. The lack of gender differences in the present study may reflect that while males present declining rates in smoking, the opposite is observed among females. If no action is taken, the trend in the near future is for smoking prevalence to be greater in women. The numeric prevalence values observed in this study are not directly comparable to the literature, because studies including adolescents (e.g., 10-19 years) tend to find lower rates than the present study, which included only older adolescents. Another methodological issue is the difference between criteria used to define smoking 4 : definitions of daily smoking, occasional smoking, non-smoking, and ever smoking, for example, are not consistent across the studies. Comparison of prevalence values found in studies using different criteria may lead to biased conclusions.
In terms of socioeconomic indicators, in the crude analysis, family income and maternal and paternal schooling were associated with smoking in both genders. The only exception was that paternal schooling was not associated with smoking among girls. After adjustment, low paternal schooling was a predictor of smoking among boys, while low family income was associated with smoking among girls.
In the past, wealthier individuals were more likely than the poor to be smokers 17 . However, in recent decades an inverse association between socioeconomic status and smoking prevalence has been described 17 . A literature review on risk factors for smoking in Latin American adolescents confirmed this finding 4 . Because educational levels tend to be a marker of socioeconomic status, the same inverse relationship has been found between schooling and smoking 17 .
Boys born to single mothers were more likely to smoke in adolescence than those born to two-parent families. This effect was not observed among girls. This finding might be interpreted as a consequence of socioeconomic status, since the prevalence of single mothers was higher among the poor (20.3%) in comparison to the wealthy (1.2%). However, this result persisted even after adjusting for socioeconomic indicators. A literature review on risk factors for smoking found the same association 4 . Further research is needed to explore why maternal marital status influences smoking behavior in boys but not in girls.
The role of parents' behavior on adolescents' smoking prevalence is complex. Maternal smoking during pregnancy was associated with daily smoking in girls, but not among boys. Paternal alcohol-related problems were associated with a three-to-fourfold increase in smoking prevalence among girls, but had no effect on smoking among boys. Maternal and paternal smoking when cohort members were 2-4 years old did not predict adolescents' smoking behavior. In summary, parental behavior appears to be more important in the determination of smoking in girls than in boys. In a literature review 4 , parental smoking was associated with a greater likelihood of adolescent smoking, but gender-stratified analyses were not presented.
In summary, several variables were identified as having a long-term effect on smoking in adolescence. Interventions aimed at decreasing the burden of smoking might take these variables into account. Risk factors for smoking among boys are not consistent with those observed in girls, and gender-stratified analyses are thus required. Furthermore, "anti-smoking" campaigns should take gender differences into account, focusing separately on the most important aspects for determining smoking behavior in each gender. For example, family-based interventions may be more successful at reducing smoking among girls, because parental variables were more clearly associated with girls' behavior as compared to that of boys. 
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